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Abstract 
Dental pulp cells (DPCs) have shown promising potential in dental tissue repair and 
regeneration. However, during in vitro culture, these cells undergo replicative 
senescence and result in significant alteration in cell proliferation and differentiation. 
Recently, the transcription factors of Oct-4, Sox2, c-Myc and Klf4 have been reported 
to play a regulatory role in the stem cell self-renewal process, namely cell 
reprogramming. Therefore, it is interesting to know whether the replicative 
senescence during the culture of dental pulp cells is related to the diminishing of the 
expression of these transcription factors. In this study, we investigated the expression 
of the reprogramming markers Oct-4, Sox2 and c-Myc in the in vitro cultured dental 
pulp tissues and dental pulp cells (DPCs) derived from dental pulp tissues at various 
passages by immunofluorescence staining and Real-time PCR analysis. Our results 
demonstrated that Oct-4, Sox2 and c-Myc translocated from nucleus in the first two 
passages to cytoplasm after the third passage in cultured DPCs. The mRNA 
expression of Oct-4, Sox2 and c-Myc in DPCs elevated significantly over the first two 
passages and peaked at second passage (p<0.05), then decreased along the number of 
passages afterwards (p<0.05). For the first time we demonstrated that the expression 
of reprogramming markers Oct-4, Sox2 and c-Myc was detectable in the early 
passaged DPCs and the sequential loss of these markers in the nucleus during DPC 
cultures may be related to the cell fate of dental pulp derived cells during the 
long-term in vitro cultivation under current culture conditions. 
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Introduction 
Dental pulp cells (DPCs) isolated from dental pulp are a heterogeneous population 
that contains progenitor cells at various differentiating stages (1). During the past 
decades, a great deal of effort has been made to isolate and identify the progenitor 
cells among them (2). Nonetheless, since DPCs are lineage-restricted, the ratio of 
stem cells among them is comparatively low and they showed limited self-renewal 
and multilineage differentiation capability, which is a great challenge for them to 
become a practical stem cell resource for clinical application (3). In this case, studies 
on the methods to purify and maintain the multipotential property of DPC culture are 
vigorously pursued.  
Replicative senescence after a number of cell doublings during in vitro culture is 
inevitable under current culture conditions, resulting in cellular phenotypic changes 
and growth arrest (4, 5). However, recent studies reported that differentiated cells can 
be reprogrammed to a more primitive state resembling embryonic stem cells (ESCs) 
(6, 7). This breakthrough technology in regenerative medicine and stem cell research 
field is to transform fibroblasts to induced pluripotent stem cells (iPS) by introduction 
of Oct-4, Sox2, c-Myc and Klf4. The reprogrammed somatic cells share fundamental 
functional characteristics with embryonic stem cells, including self-renewal capacity 
and pluripotency. These remarkable findings raise important questions about the 
process of lineage commitment and reversible progression of differentiation (6, 7). 
Although the expression of Oct-4 and Sox2 is comparatively low in somatic cells, it is 
possible that the pluripotency network can be re-established or activated in somatic 
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cells with or without viral transduction (8). In our previous studies, we have 
demonstrated the DPCs express cell surface markers (Stro-1, CD146, CD29-FITC, 
CD34-FITC, CD44-FITC, CD106-FITC), and possess odontogenic/osteogenic 
differentiation potential (1). More recently, we investigated the differential protein and 
gene expression profile of human DPCs undergoing odontogenic differentiation by 
using 2D-DIGE, mass spectroscopy based proteomic approaches and stem cell related 
PCR arrays (9, 10). These studies indicate that DPCs are heterogeneous populations 
and express a number of self-renewal and differentiation regulatory genes crosstalking 
with Notch, Wnt, TGFβ/BMP, and Cadherin signaling pathways. These results 
indicate that reprogramming markers may be involved in the early explant cultures of 
DPCs. Hence, in the present study, we investigated the expression pattern of the 
critical transcriptional factors of Oct-4, Sox2 and c-Myc, which are related to 
reprogramming of somatic cells, in the primary explant of DPCs in order to elucidate 
the complex signaling network that maintains the tissue derived cells phenotype and 
function. 
 
Materials and Methods 
Cell and tissue explant culture 
The protocol for this study was approved by Queensland University of Technology 
Human Ethics Committee (EC00171). Normal human premolars were extracted from 
healthy young adults (12-30 years) undergoing orthodontic treatment, after obtaining 
informed consent from each patient. DPCs were obtained from human dental pulp 
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tissues by explant culture as previously described (11). Briefly, dental pulp tissues 
were dissected to small pieces and cultured in Dulbecco’s modified Eagle medium 
with low glucose (DMEM-LG) (GIBCO, Invitrogen, VIC, Australia) supplemented 
with batch-tested 10% (v/v) fetal bovine serum (FBS) (HyClone, UT, US), 10 U/ml 
penicillin G, and 10 mg/ml streptomycin (GIBCO, Invitrogen, VIC, Australia) in a 
37°C incubator containing 5% CO2.  The cells derived from dental pulp tissues were 
harvested by trypsin digestion and further cultured in the same condition mentioned 
above. The culture medium was changed every 3 days. The images of cells 
morphology were captured under a microscope (Carl Zeiss Microimaging GmbH, 
Göttingen, Germany). 
 
Immunohistochemical analysis of dental pulp tissues after in vitro explant culture 
After 4 weeks in vitro culture, dental pulp tissues were harvested and fixed with 4% 
paraformaldehyde, then embedded in paraffin. Normal human dental pulp tissues 
without in vitro explant culture were taken as control group. Immunofluorescence 
staining was carried out in 5 m tissue sections. After deparaffinized and rehydrated 
in phosphate buffered saline (PBS), the sections were permeabilized with 0.1% Triton 
for 20 min, and incubated with 10% swine serum (Dako, NSW, Australia) for 1 hour 
at room temperature to block non-specific binding. Sections were then transferred to a 
humidified chamber and stained with Oct-4 (1:100, Chemicon, CA, USA), Sox2 (1:50, 
R&D system, MN, USA) and c-Myc (1:50, Santa Cruz, CA, USA) antibodies 
overnight at 4ºC. Samples were washed three times in PBS and incubated with 
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fluorochrome labeled secondary antibody (1:150, invitrogen, VIC, Australia) for 3 
hours at room temperature. Following this the sections were thoroughly washed in 
three changes of PBS for 5 minutes each, and stained with DAPI (1:1400, invitrogen, 
VIC, Australia), and then mounted for analysis. The images were captured using 
Axion software (Carl Zeiss Microimaging GmbH, Göttingen, Germany) under a 
fluorescent microscope (Carl Zeiss Microimaging GmbH, Göttingen, Germany). 
 
Immunofluorescent staining of DPCs at various passages 
DPCs at the passage 0, 2 and 7 were cultured in chamber slides after growing out 
from in vitro explant culture dental pulp tissues (Nunc, NY, US) until 80% confluence, 
and then fixed with 3% paraformalehyde for 15 minutes. The slides were rinsed in 
PBS three times for 5 minutes respectively, and then permeabilized with 0.1% Triton 
for 20 min, and incubated with 10% swine serum (Dako, NSW, Australia) for 1 hour 
at room temperature to block non-specific binding. Slides were then transferred to a 
humidified chamber and stained with Oct-4 (1:100, Chemicon, CA, USA), Sox2 (1:50, 
R&D system, MN, USA) and c-Myc (1:50, Santa Cruz, CA, USA) antibodies 
overnight at 4ºC. Slides without staining of primary antibody served as negative 
control. Samples were washed three times in PBS and incubated with fluorochrome 
labeled secondary antibody (1:150, invitrogen, VIC, Australia) for 3 hours. Following 
this the sections were thoroughly washed in three changes of PBS for 5 minutes each, 
and stained with Phalloitin (1:500, invitrogen, VIC, Australia) and DAPI (1:1400, 
invitrogen, VIC, Australia), then mounted for analysis. The images were captured 
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using Axion software (Carl Zeiss Microimaging GmbH, Göttingen, Germany) under a 
fluorescent microscope (Carl Zeiss Microimaging GmbH, Göttingen, Germany). The 
number of positive cells of nucleus expression of Oct-4, Sox2 and c-Myc in DPCs 
were determined by measuring three randomly chosen areas of each sample from 
three different patients and the ratio of positive cells were calculated by dividing with 
the total cell numbers. 
 
Quantitative Real-time reverse-transcription polymerase chain reaction 
Total RNA was isolated from DPCs at passage 0, 2 and 7 by using Trizol reagent 
(Invitrogen, VIC, Australia) following the manufacturer’s protocol. Assessment of the 
concentration and quality of the total RNA samples were carried out by 
spectrophotometry and gel electrophoresis. One microgram of each RNA sample was 
used as template for first strand cDNA synthesis in a total volume of 20μL. 
Conditions for reverse transcription were 65°C for 5 minutes, 70°C for 15 minutes 
and 50°C for 1 hour. Then, 2.5μL of the reaction mixture was incubated with PCR 
master mix with double-stranded DNA dye SYBR Green I (Applied Biosystem, QLD, 
Australia) in a total volume of 25 μL. The primers used for detection were listed in 
Table 1. The conditions for PCR were as follows: 95oC for 10 min for activation of 
HotStart DNA polymerase, followed by 40 cycles of denaturation at 95oC for 15 s 
each, and finally, primer extension at 60oC for 1 min. Quantifications of Oct-4, Sox2, 
c-Myc and 18s mRNA were performed by using an ABI Prism 7000 sequence 
detection system (Applied Biosystems, CA, USA). Each plate contained 18s as 
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housekeeping gene to normalize the PCR array data and primers without samples as 
negative control. All experiments were repeated three times. Raw data were acquired 
and processed to calculate the threshold cycle (Ct) value and relative gene expression 
values. △△Ct method was performed to analyze the relative mRNA expressions from 
DPCs at various passages. 
 
Statistical analysis 
All experiments were repeated three times. The SPSS16.0 software package (SPSS 
Inc, Chicago, IL) was used for the statistical tests. One-way analysis of variance 
(ANOVA) was applied to compare the differences among passages, and Bonferroni 
test was applied to compare the differences between each passage. The difference was 
considered as being of statistical significance at p<0.05.  
 
Results 
Cell morphology observation along passages 
After 10-15 days in vitro primary explant culture, DPCs started to grow out from the 
dental pulp tissues (Fig. 1A). When DPCs reached confluence at passage 2, DPCs 
showed a fibroblast-like morphology, single monolayer growing pattern with a 
well-spread morphology attached to the culture flask (Fig. 1B). However, DPCs at 
passage 7 displayed signs of cell senescence, such as changes in cell morphology with 
enlarged cell size, irregular cell shape, increased nuclear/cytoplasm ratio with 
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decreased cell proliferation rate and increased β-galactosidase expression (result not 
shown) (Fig. 1C). 
 
Distribution of Oct-4, Sox2 and c-Myc in explant cultured dental pulp tissues  
Dental pulp tissues were incubated in cell explant culture media for 4 weeks. At this 
stage it was noted that there was cell migration out of all dental pulp tissues.  
Immunofluorescent staining demonstrated that positive staining of Oct-4 (Fig 2A), 
Sox2 (Fig 2C) and c-Myc (Fig 2E) was detected in all incubated healthy human dental 
pulp tissues, whereas in un-incubated fresh dental pulp tissues the expression of Oct-4 
(Fig 2B) and Sox2 (Fig 2D) was hardly detectable and only scattered faint staining of 
c-Myc (Fig 2F) was found in tissue level. 
 
Subcellular localization of Oct-4, Sox2 and c-Myc in DPCs at various passages 
Remarkably strong expression of Oct-4 (Fig 3A), Sox2 (Fig 3D) and c-Myc (Fig 3G) 
was detected in the nucleus of DPCs as early as the primary explant culture (P0). The 
expression of Oct-4 (Fig 3B), Sox2 (Fig 3E) and c-Myc (Fig 3H) in DPCs at P2 was 
similar to P0. Weak Oct-4 staining was shown in the cytoplasm of DPCs at P0 (Fig 
3A) and P2 (Fig 3B). Weak Sox2 (Fig 3E) and c-Myc (Fig 3H) staining was shown in 
the cytoplasm of DPCs at P2, whereas Sox2 (Fig 3D) and c-Myc (Fig 3G) staining 
was hardly seen in the cytoplasm of DPCs at P0. However, the expression pattern of 
these markers altered with the number of passages. Oct-4, Sox2 and c-Myc lost most 
of their nucleus expression in DPCs at passage 7. Instead, the cytoplams staining of 
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Oct-4 (Fig 3C), Sox2 (Fig 3F), and c-Myc (Fig 3I) was significantly increased 
compared with the P0 and P2 cultures, indicating that Oct-4, Sox2 and c-Myc are 
translocated from the nucleus to the cytoplasm during the continuing in vitro culture 
of DPCs.  
The number of cells with nucleus expression of Oct-4, Sox2 and c-Myc was counted 
and the ratio of nucleus expression was calculated by the number of positive nucleus 
expression cells dividing the total cell numbers. It was noted that the nucleus 
expression ratio of Oct-4, Sox2 and c-Myc showed similar trend, displaying no 
significant difference between P0 and P2 (p>0.05), but significantly decreased at P7 
(Fig 4 A, C and E, *p<0.05). 
 
mRNA expression of Oct-4, Sox2 and c-Myc in DPCs at various passages 
Our final investigations determined whether there is a potential correlation between 
extended passaging of DPCs and expression of pluripotency markers. DPCs from 
passage 0 to 7 (P0 to P7) were examined for Oct-4, Sox2 and c-Myc expression by 
real-time RT-PCR (Fig. 4B, D and F). The result showed that the mRNA expression 
level of Oct-4, Sox2 and c-Myc at P2 was significantly higher compared with P0 and 
P7 (*p<0.05, **P<0.001). In general, the mRNA level of c-Myc expression was 
much higher (more than 100 times) than the expression level of Sox2 and Oct-4. The 
mRNA level between Sox2 and Oct-4 was quite similar. Thus, Oct-4, Sox2 and 
c-Myc mRNA were activated at early passages in in vitro culture, and then decreased 
subsequently along extended passages of DPCs, which may be correlated with the 
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alternation of pluripotency property. 
 
Discussion 
DPCs have shown promising potential in dental tissue regeneration, however, the 
multipotency property of the laboratory expanded cells is limited (1, 2). Primary cells 
in culture are known to undergo replicative senescence after several cell doublings 
along with passages. Besides oncogenic stress, DNA damage and stress stimulation 
etc, one of the major contributory factors for senescence is culture environment (4, 5). 
In suspension cultures in vitro with the absence of the natural microenvironment, how 
to maintain pluripotency properties of tissue-derived cells preserved for prolonged 
periods remains uncertain. Moreover, the interactions between stem cells and the 
cellular microenvironments need to be further explored in order to understand the 
mechanisms controlling the establishment and maintenance of pluripotency. Recently, 
the transcription factors of Oct-4, Sox2, c-Myc and Klf4 have been reported to play a 
regulatory role in the stem cell self-renewal process, namely cell reprogramming (6, 
7). Therefore, it is interesting to know whether the replicative senescence during the 
culture of DPCs is related to the diminishing of the expression of these transcription 
factors. 
 
The POU domain (amino acid residues 127–282) transcription factor Oct-4 involves 
in maintaining the undifferentiated pluripotent state in embryonic stem cells (ESCs) 
through inhibition of tissue-specific and promotion of stem cell-specific genes (12). 
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Suppression of Oct-4 in ESCs induces cellular differentiation (12, 13). Oct-4 has been 
demonstrated to express in the stem cells of several somatic tissues such as intestinal 
epithelium, bone marrow, hair follicle, brain, and liver etc (14). Moreover, the 
immature dental pulp stem cells expressing Oct-4, Nanog, SSEA-3, SSEA-4, 
TRA-1-60 and TRA-1-81 are reported to be able to differentiate into smooth and 
skeletal muscles, neurons, cartilage and bone under chemically defined culture 
conditions (15). Several studies demonstrated that Oct-4, lying in the central of 
transcription network, cooperates with HMG-box transcription factor SOX2 and 
c-Myc to synergistically upregulate ‘‘stemness’’ genes, while suppressing 
differentiation-associated genes in both mouse and human ESCs. Oct-4 was found to 
target Sox2 and c-Myc in mesenchymal stem cells (MSCs) and embryonic stem cells 
(ESCs), by promoting the expression of MSCs-specific genes, and regulating MSCs 
cell cycle progression (16-18). There are two isoforms of human Oct-4. Oct-4A 
protein, localized to the nucleus of ESCs, is critical for maintaining the pluripotency 
of embryonic stem cells and promoting tumorigenesis in human tissues. Whereas 
Oct-4B protein, localized to the cytoplasm of ESCs, is not sufficient to maintain 
undifferentiated state and activate transcription of Oct-4-responsive genes since 
lacking of the N-terminal sequence that mediates the transcriptional activity of Oct-4 
(19). The present immunofluorescent staining results indicates that Oct-4, Sox2 and 
c-Myc maintain the nucleus location from P0 to P2, albeit translocated to the 
cytoplasm afterwards, implying the potential loss of pluripotency along extended 
passaging. Indeed, the alternation of colony-forming efficiency, cell cycle and 
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multilineage differentiation capability of DPCs with prolonged cultures in extrinsic 
microenvironment has been reported recently (20). 
 
Sex determining region Y bos-2 (Sox2) belongs to the SRY-related HMG box 
transcription factor family and plays a critical role in cell fate determination, 
differentiation and proliferation (21, 22). Sox2 has been detected in the brain, retina, 
trachea, lung and stomach in adult mouse tissues (23). c-Myc, a frequent oncogene in 
tumors, belongs to a transcription factors family containing helix-loop-helix and 
leucine zipper domains (6, 24). c-Myc can regulate cell cycle entry through activating 
Wnt pathway and operating in a positive regulatory loop (25). More recent studies 
described that iPS cells were reported to be generated in the absence of exogenous 
c-Myc, whereas omitting the c-Myc transgene results in slower and more inefficient 
reprogramming of fibroblasts (26). 
 
The present study investigated whether there is a specific subpopulation of cells from 
explant cultured human DPCs expressing Oct-4, Sox2 and c-Myc, and the result 
suggested more than 90% early passage DPCs were positive for Oct-4, Sox2 and 
c-Myc (Fig 3 and 4). Thus it indicates that the majority of early dental pulp-derived 
cells are expressing pluripotent markers, however, these markers diminish quickly in 
the current culture conditions. Therefore, optimizing culture conditions is essential to 
maintain DPCs in a state of multipotential property. Interestingly, in our present study 
a similar expression pattern of Oct-4, Sox2 and c-Myc in DPCs was identified, which 
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may imply their potential interaction network in the pluripotency maintanence of 
DPCs. It has been reported that Oct-4, Sox2 and c-Myc constituting an interdependent 
network, however, loss of the expression of one factor ultimately leads to the 
extinction of the others in mouse ESCs (27).  
 
It has been reported that the Oct-4 pluripotency network can be re-established in 
somatic cells through viral transduction of Oct-4 along with three other transcription 
factors (Sox2, c-Myc and Klf4) (6, 27). We proposed the hypothesis that dental pulp 
tissues with in vitro explant culture may activate the Oct-4 network resulting PDCs 
migrating out of the tissues. Indeed, in the explant cultured dental pulp tissues, we 
demonstrated the strong expression of Oct-4, Sox2 and c-Myc along with the cell 
migrating out of the tissues compared with the fresh isolated dental pulp tissues. It has 
been reported that Oct-4 network reactivation in response to culture conditions may 
potentially result in maintaining somatic stem cells in an undifferentiated state in vivo 
and creating a cell population with higher “stemness” property (28). It is possible that 
the multipotency of somatic stem cells is governed through the interaction and 
crosstalk of several signaling pathways, such as the Notch, Wnt, TGF/BMP and 
Cadherin signaling pathways that interpret the balance between differentiation and 
dedifferentiation (29, 30). Additional studies are needed to support this hypothesis 
and reveal the underlying mechanism. 
 
It is possible that the pluripotency of the stem cells from dental pulp is governed by 
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intrinsic and extrinsic cues from the microenvironment where they exist by activating 
these critical transcriptional factors (28). In this study, our observations demonstrated 
that Oct-4, Sox2 and c-Myc firstly expressed in the explant cultured dental pulp 
tissues, then showed a nucleus location in P0 and P2 DPCs and, eventually lost 
nucleus location and translocated into the cytoplasm in P7 DPCs. The mRNA 
expression of Oct-4, Sox2 and c-Myc significantly up-regulated along passages and 
peaked at P2, then down-regulated drastically afterwards. These results demonstrated 
that all of these reprogramming markers can be activated in DPCs during early in 
vitro explant cultures. The importance of this finding implies the potential possibility 
that the reprogramming genes can be activated in tissue derived somatic cells to 
achieve pluripotency even without force expression of transcriptional factors. This is 
an important step in improving the method to induce pluripotent cells. Further 
modification of the culture conditions is required to maintain the expression of 
reprogramming genes in subsequent long term cultivation.  
 
Taken together, we investigated the expression of Oct-4, Sox2 and c-Myc in the in 
vitro explant cultured dental pulp tissues and expanded DPCs at various passages. Our 
results demonstrate that in vitro culture microenvironment can activate 
reprogramming marker expression in DPCs, which provides novel insights into the 
potential induction of pluripotent stem cells in dental pulp tissues without virus 
transfection. Further studies are required to elucidate the complex signaling 
interactions and the effective way to maintain the stemness property of DPCs with 
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long term in vitro culture.  
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Legends 
Table 1. Primer sequences used in quantitative real-time RT-PCR 
 
Figure 1. Morphological alternation of DPCs at various passages 
Single cells (arrow) grew out from human dental pulp tissue after 10-15d of primary 
culture (A, X100). DPCs reached confluoence at passage 2, well-spread attached to 
the flask, showing a fibroblast-like morphology and single monolayer growing pattern 
(B, X100). DPCs at passage 7 showed enlarged cell size, spindle shape, increased 
nuclear/cytoplasm ratio and cell secrection (C, X100). The scaling bar indicates 50 μ
m. 
 
Figure 2. Expression and distribution of Oct-4, Sox2 and c-Myc in human dental pulp 
tissue after 4 weeks in vitro culture. 
Intense staining of Oct-4 (A), Sox2 (C) and c-Myc (E) is markedly present in the 
cytoplasm of the outgrowing DPCs lining the surface of the human dental pulp tissue 
after 4 weeks in vitro culture (X400). Rare staining of Oct-4 (B), Sox2 (D) and c-Myc 
(F) was found in human dental pulp tissue without in vitro culture (X400). The 
fluorescent staining combines with bright field indicating the tissue structure (a-f). 
The blue color is the combined DAPI staining indicating the nucleus of the 
outgrowing cells (X400). The scaling bar indicates 50μm. 
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Figure 3. Expression and translocation of Oct-4, Sox2 and c-Myc in DPCs at various 
passages. 
Tense staining of Oct-4 (A), Sox2 (D) and c-Myc (G) was detected in the nucleus of 
DPCs reaching confluence at P0. The expression of Oct-4, Sox2 and c-Myc maintain 
nucleus location with enhanced staining in DPCs at P2 (B, E and H). Oct-4, Sox2 and 
c-Myc lost their nucleus location, yet still showed cytoplasm staining in DPCs at 
passage 7 (C, F and I). The inserted figures at the up-right corners are the DAPI 
staining at the same field (blue color fluorescence) indicating the nucleus of the cells. 
The scaling bar indicates 50μm. 
 
Figure 4. Nucleus expression ratio and mRNA expression level of Oct-4, Sox2 and 
c-Myc in DPCs at various passages. 
The nucleus expression ratio of Oct-4, Sox2 and c-Myc displaying no significant 
difference between P0 and P2 (p>0.05), albeit significantly decreased at P7 (A, C and 
E, *p<0.05). The mRNA expression of Oct-4, Sox2 and c-Myc in DPCs up-regulated 
significantly and peaked with the maximum values at passage 2 (*p<0.05, 
**P<0.001), then decreased significantly afterwards (B, D and F, *p<0.05, 
**P<0.001).  
